: Novel single nucleotide polymorphisms in lactoferrin gene and their association with mastitis susceptibility in Vol 48, No. 1,[199][200][201][202][203][204][205][206][207][208][209][210] Since lactoferrin is acute phase protein and has an exceptional role in defense mechanism of mammary gland, it is considered a candidate gene for mastitis susceptibility in dairy cattle. In this study, blood samples were collected for DNA extraction from fifty Holstein dairy cows in the third lactation season reared under Egyptian conditions assigned into three groups mastitis (n=15), subclinical mastitis (n=20) and healthy (n=15) based on California mastitis test. Moreover biochemical markers for inflammation were determined to detect severity. PCR amplification of a segment of 6 th intron of lactoferrin gene yielded a fragment of 301-bp in all animals under study. For revealing polymorphism, DNA sequencing was done for PCR products of lactoferrin gene (301-bp) in only five healthy (resistant) and five affected animals. Results indicated that, association between biochemical data and affections. The PCR-DNA sequencing genetic assessment identified twelve SNPs in the bovine lactoferrin gene and there was association between these identified SNPs and mastitis susceptibility, where ten nucleotide sequence variations for one of the healthy animals were obtained with A166T, T185A, T200C, G230C, A239G, T251G, A254C, A272C, T273C and A296G SNPs (submitted to GenBank with accession number gb|KT159457|. On the other hand, two nucleotide sequence variations for two of the affected animals were obtained with A100G and T275A SNPs. Consequently, the identified SNPs in the bovine lactoferrin gene can be used as marker-assisted selection (MAS) to predict, improve mastitis resistance and minimize incidence of mastitis infection in Holstein dairy cows.
INTRODUCTION
Due to its huge economic implications and great impact on the dairy industry worldwide via reductions in milk yield, quality and waste of milk unfit for human consumption, resulting in massive antibiotic use and premature high culling rate, mastitis is considered the most frequent, important, complex, major health and costly disease of dairy cattle (SHOOK, 2006; HALASA et al., 2007) .
The direct favoring and selection for clinical mastitis resistance may be a very difficult approach in dairy breeding because of the low value of heritability for clinical mastitis and its potentiality low acting as selection criteria for mastitis resistance breeding in milk production (CHEN et al., 2011; CHU et al., 2011) . However, utilization of Marker-assisted selection (MAS) in dairy cattle produce additional genetic and economic gains and can utilize the candidate genes associated with health and other production traits which can be selected by knowledge the relation between physiological or biochemical processes and production traits, and can be tested as quantitative trait loci (QTL).
Acute phase proteins (APPs) and antioxidant capacity have been used as biomarkers of inflammation, infection and trauma for decades in human medicine but have been relatively underutilized in the context of veterinary medicine. C-reactive protein, haptoglobin and serum amyloid A have been identified as significant diagnostic biomarkers of diseases in cattle (ECKERSALL and BELL, 2010) . BRODZKI et al., (2015) found in their study that, acute phase protein considered as a good tools for detecting the severity of inflammatory conditions in dairy cow. In the same respect , BURNETT et al., (2015) approved that cortisol levels were accurately correlated with the clinical conditions. Lactoferrin (LF) is an iron-binding glycoprotein; a member of transferrin gene family (LACASSE et al., 2008) and localized on the 22q24 bovine chromosome. It plays an exceptional role in immune mechanisms in the mammary glands of cattle including both direct innate immunity and indirect role in specific immune reactions (LEGRAND et al., 2004) . Due to the following properties for lactoferrin including its marked high concentration level detected in the nidus of inflammation (BIRGENS, 1985) , protection of udder from infection from pathogens via its bacteriostatic action that affects the growth and proliferation of many infectious agents (VALENTI and ANTONINI, 2005) and its strategic position on the mucosal surface, it is classified as an acutephase protein suggesting that LF takes part in an acute-phase response in the mammary gland during mastitis (KANYSHKOVA et al., 2001; HAGIWARA et al., 2003; RAINARD and RIOLLET, 2006; GRIESBECK-ZILCH et al., 2008) as well as it represents one of the first defence lines against pathogens invading the organism mostly via mucosal tissues. Therefore, the bovine lactoferrin gene may act as a potential candidate gene for mastitis susceptibility/tolerance in dairy cattle and single nucleotide polymorphisms (SNPs) in this gene may increase or reduce the susceptibility to mastitis.
The objectives of the present study were detecting mastitis during subclinical and clinical conditions with association of some inflammatory biochemical markers and revealing and exploring the polymorphisms within the 6 th intron the lactoferrin gene, investigating their possible association with mastitis susceptibility/tolerance in Holstein dairy cows via DNA sequencing.
MATERIALS AND METHODS

I-Animals and experimental samples:
A total of fifty Holstein dairy cows in the third lactation season reared under Egyptian conditions were obtained from a private farm. Based on California Mastitis test and biochemical parameters, incidence of mastitis was screened and the obtained fifty animals were assigned into three groups: healthy (control) group n= 15, subclinical group n=20 and mastitis group n= 15. Under complete a septic condition, blood samples were collected from each animal into tubes containing an anticoagulant disodium EDTA divided into two a liquate one for plasma separation and other for DNA extraction. The samples were frozen at -20°C until needed for DNA extraction and determination of biochemical parameters.
II-Biochemical parameters Total antioxidant capacity
The serum levels of total antioxidant capacity (TAC) were assayed by spectrophotometer using a commercial kits supplied by (Biodiagnostic, Egypt) according to the methods adopted by KORACEVIC et al., (2001) .
C-reactive protein
Serum levels of C-reactive protein (CRP) were detected by semiquantititive latex serological methods of WARD and COOPER (1975) using commercial kits supplied by (OMEGA diagnostic LTD, UK).
Cortisol
Cortisol levels were determined using a commercially available competitive binding assay kit (Cortisol Parameter Assay; R&D Systems Inc., Minneapolis, MN, U.S.A.)
III-DNA extraction:
Extraction of the genomic DNA from the collected whole blood was done using Gene JET whole blood genomic DNA extraction kit following the manufacturer procedure (Thermo scientific, Lithuania). Good quality, purity and concentration of DNA were screened by Nanodrop for further analysis.
IV-PCR amplification of lactoferrin gene:
To amplify a segment of 6 th intron of lactoferrin gene (301-bp), PCR was done using the primers described by (WOYDAC-MAKSIMIEC et al., 2006) .
The polymerase chain reaction mixture was done in a 25 µl consisted of: 3µl DNA, 8.5 µl H2o (d.d water), 12.5 µl PCR master mix (Jena Bioscience, Germany), 0.5 µl of each primer. The final reaction mixture was achieved in a thermal cycler and the PCR temperature schedule program was carried out by an initial denaturation at 94 C 0 for 5 min followed by 34 cycles of 94 C 0 for 1 min for denaturation, primer hybridization temperature at 60 C 0 for 1 min, primer extension at 72 C 0 for 1 C 0 and the final elongation at 72 C 0 lasts for 10 min. Detection of representative PCR results was done by agarose gel electrophoresis and visualization of the fragment patterns was carried out under U.V using gel documentation system.
V-DNA sequencing and Polymorphism detection:
Before DNA sequencing, Removing primer dimmers, nonspecific bands and other impurities were done. As described by (BOOM et al., 1990) , Purification of PCR products with expected size (target bands) were carried out using PCR purification kit following the manufacturer procedures (Jena Bioscience # pp-201×s/Germany). As described by BOESENBERG-SMITH et al., (2012) , quantification of PCR product was carried out using Nanodrop (Uv-Vis spectrophotometer Q5000/USA) to get high yield products and ensure high enough concentrations and purity of the PCR products.
After purification and quantification, PCR products with target band were sent to MacroGen Company (South Korea) for DNA sequencing in forward direction. Using ABI 3730XL DNA sequencer (Applied Biosystem, USA) and based on enzymatic chain terminator technique, developed by SANGER et al., (1977) , a 301-bp fragment of 6 th intron of lactoferrin gene was DNA sequenced and read in ten (five resistant and five affected) animals. Analysis of DNA sequencing data were carried out by chromas 1.45 (http://www.technelysium.com.au) and blast 2.0 software (ALTSCHUL et al., 1990) . The differences were classified as single-nucleotide polymorphisms (SNPs) between PCR products of the resistant and affected animals as well as between PCR products for animals under study and reference sequences available in the GenBank.
Based on sequence alignment of the sequenced samples compared with the reference accession number, Phylogenetic analysis of the nucleotide sequences of lactoferrin gene was performed among healthy, affected animals and the reference sequence available in the GenBank using the neighbor-joining (NJ) method constructed with the MEGA4 software package (TAMURA et al., 2007) .
RESULTS
In concern to the biochemical data, the results showed that a positive relation between Creactive protein and cortisol levels and incidence and severity of mastitis whereas, TAC showed negative relation ( Figure 1 ). As showed in panel of CRP and cortisol levels, there was significant increase in their levels in the cows affected with clinical mastitis only. However, TAC levels could be significantly decreased either in subclinical or clinical conditions when compared with control healthy cows.
To amplify lactoferrin gene, the genomic DNA was extracted from fifty blood samples of Holstein cattle. In all samples, the 301-bp fragment of 6 th intron of the lactoferrin gene was amplified by PCR (Figure 2) .
Polymorphism of bovine lactoferrin gene polymorphism was explored by DNA sequencing. PCR products of ten animals (five resistant and five affected) were subjected to DNA Sequencing. The results showed that a segment of 6 th intron of lactoferrin gene (301-bp) was polymorphic between resistant and affected animals indicating that the genetic variants in the form of SNPs in lactoferrin genes were related to mastitis susceptibility in Holstein cattle.
For revealing polymorphism, the sequence alignment of lactoferrin gene (301-bp) was carried out using ClustalW program among the ten Holstein dairy cattle under study. DNA sequencing results indicated that twelve SNPs were identified in the bovine lactoferrin gene ( figure  3 and table 1 ). There was association between the identified SNPs and mastitis susceptibility, where ten SNPs (A166T, T185A, T200C, G230C, A239G, T251G, A254C, A272C, T273C and A296G) for one of the healthy animals (submitted to GenBank with accession number gb|KT159457| were obtained Consequently, these identified 10 SNPs for the healthy animal in the bovine lactoferrin gene can be used as marker-assisted selection (MAS) to predict and improve mastitis resistance in Holstein dairy cattle. On the other hand, two SNPs (A100G and T275A).for two of the affected animals were obtained. These identified two SNPs for the two affected animals in the bovine lactoferrin gene can be used as marker-assisted selection (MAS) to predict and cull mastitis infected animals in Holstein dairy cattle.
The Phylogenetic tree of the sequenced samples compared with the reference accession number gb|JN185604.1| available in the GenBank showed that animal number 1 (one of the resistant animals) (submitted to GenBank with accession number gb|KT159457| was founded in one cluster and animal number 9 and 10 (two of the affected animals) were found in one cluster as shown in Figure (4) . Animals no. 1, 2, 3, 4 and 5 are resistant animals. Animals no. 6, 7, 8, 9 and 10 are affected animals DISSCUSSION Mastitis is considered a great problem in dairy cow through its major economic losses by direct and indirect costs including discarded milk, excess labour, higher culling rate, drug and veterinary service costs, decreased milk yield during remainder of lactation, and deaths (BLOWEY and EDMONDSON, 2010) . Both employed mastitis control measures by dairy farmer as well as vaccination decreased the incidence of mastitis, however, they are not efficient enough. Selection and favouring of mastitis resistant cows is another approach to control of mastitis.
The results of CRP and cortisol serum levels showed progressive increased in mastitic cows than control one, these increases correlate with the severity of the condition to reach to significant increase in clinical mastitic cows. This concern could be conceded with the previous data of BRODZKI et al., (2015) who approved that, acute phase protein was a good tool for detecting the severity of inflammatory conditions in dairy cows. In the same respect, BURNETT et al., (2015) and HOCKETT et al., (2000) approved that serum cortisol levels could significantly correlated with clinical conditions in mastitic cows. VANGROENWGHE et al., (2005) cited that, acute phase protein and cortisol were useful tools for monitoring the animal health where they could increase in cattle in response to stress stimuli. These data could explain the significant up regulation of CRP and cortisol levels in clinically mastitic cows than control one, suggesting that, the animals were more stressed by their affections with mastitis. Furthermore, this stress reaction was low in subclinical mastitic cows and this may be resulted from adaptation of animal to mild conditions. Antioxidant is attracting pivotal interest in ruminant physiology as it may play a role in regulation of several physiological functions include immunity (AGARWAL et al., 2006 and CELI, 2011) . Oxidative stress has been reported to have an important role in the pathophysiology of diseases (AGARWAL et al., 2005) The obtained data showed significant decreased in the TAC of cows suffered from subclinical or clinical mastitis when compared with control one. This condition may be attributed to overwhelming of antioxidant system as the result of stress condition affecting the mastitic cows.
Single nucleotide polymorphisms (SNPs) occur in regulatory, exon and intron regions of genes so they are the most abundant genetic variations in mammalian genomes (TENG et al., 2006) . Single nucleotide polymorphisms are now used as a genetic marker for mastitis tolerance/susceptibility in cattle. Association studies of the identified SNPs in the genes correlated with mastitis tolerance/susceptibility have resulted in understanding the genetics of host resistance to mastitis and this knowledge will be helpful in formulating breeding programs in an attempt to control mastitis and enabling new areas of focus in selection of resistant animals.
In this study, PCR amplification of a segment of 6 th intron of lactoferrin gene yielded a fragment of 301-bp. The obtained PCR product of a desirable size (301-bp) agreed with the results obtained by , NANAEI et al., 2012 , MALETIC et al., 2013 .
Bovine lactoferrin gene is highly polymorphic. Fifteen different SNPs throughout the sequence of the bovine Lf gene promoter in five different cattle breeds (Holstein Friesian, New Zealand Holstein, Montebeliard, Normande, and Norwegian Red) were reported by ( DALY et al., 2006) . O'HALLORAN et al., (2008) identified 29 SNP in the promoter region of the lactoferrin gene and 47 in exons. In the present study, DNA sequencing of a segment of 6 th intron of lactoferrin gene revealed nucleotide sequence variation among mastitis healthy (resistant) and affected animals including A100G, A166T, T185A, T200C, G230C, A239G, T251G, A254C, A272C, T273C, T275A and A296G SNPs. These identified SNPs in lactoferrin gene associated with mastitis susceptibility in Holstein dairy cattle. Several studies have investigated regards association between bovine LTF gene polymorphism and mastitis susceptibility in dairy cattle. KAMINISKI et al., (2006) reported a single SNP in position +32 (C/G) in the promoter region of lactoferrin gene associated with milk performance traits, including SCC. Also, HUANG et al., (2010) identified more than 140 SNPs in lactoferrin gene but none have been verified as potential genetic markers. Another studies related to lactoferrin gene polymorphism and mastitis susceptibility, HAJIBEMANI et al., (2014) detected single nucleotide polymorphism in the 5'-untranslated region of Lactoferrin gene associated with clinical mastitis in cattle. The results showed the occurrence of polymorphism (G→C) within 5'-UTR in groups with and without clinical mastitis. There were no significant differences between the identified polymorphism for the two groups of cattle.
CONCLUSION
In conclusion, this work supported the value of lactoferrin as candidate gene for mastitis tolerance/susceptibility in Holstein cattle and the effectiveness of SNP as a molecular genetic marker for looking association between mastitis susceptibility and lactoferrin polymorphisms result in an effective selection and favoring for mastitis resistance animals using marker assisted selection (MAS).
